We present a zero dimensional matrix model based on U Sp(2k) with supermultiplets in symmetric, antisymmetric and fundamental representations. The four dimensional compactification of this model naturally captures the exact results of Sen [1] in F theory. Naive counting tells that the model describes twelve spacetime dimensions. Eight dynamical and eight kinematical supercharges are found, which is required for critical string interpretation. Classical vacuum has ten coordinates and is equipped with natural orbifold structure.
Introduction
Recently there are a few interesting directions emerging on the formulation of strings. On the one hand, nonperturbative formulation of string theory as matrix models via the notion of noncommuting coordinate [2] is developing. This includes vigorous activities on the large N quantum mechanical model [3] which formulates M theory [4] as well as the zero dimensional model [5] of type IIB superstrings. Notion of string compactification and attendant counting of degrees of freedom appear to be very different from what we thought of unification based on perturbative strings. So far we have been able to discuss only toroidal compactifications with/without discrete projection [3, 6, 7, 8 ] through a specific procedure [8] . The other aspect includes the developments centered around F theory [9] . This provides a new perspective to compactifying type IIB strings on exact quantum backgrounds. F theory captures an intriguing phenomenon of string coupling depending on internal space 2 beyond perturbative consideration.
In this paper, we present a USp(2k) matrix model in zero dimension and discuss several properties. The model consists of matrices belonging to the symmetric (adjoint) and antisymmetric representations, and n f of 2k dimensional vectors. The n f = 4 and n f = 16 cases stand out of special significance. The large k limit will capture string physics in the sense of t'Hooft. The model is inspired in the n f = 4 case by the supermultiplets of the UV finite N = 2 supersymmetric gauge theory in four dimensions with gauge group USp(2k). We are motivated by the exact result of Sen [1] in F theory in eight spacetime dimensions on certain elliptic fibered K3. The exact description of axion/dilaton sector on this F theory compactification has been found to be mathematically identical to that of the quantum moduli space [12] of the susy gauge theory above. ( See [13, 14] .) We thus see that our model ( the n f = 4 case ) after four dimensional compactification under the procedure of [8] possesses the above quantum moduli space and naturally reproduces Sen's result in F theory. Naive counting further tells that the zero dimensional model before the compactification contains 8+4 = twelve spacetime dimensions. We should note that the possibility of twelve spacetime dimensions is also suggested by the recent work based on current algebra [15] and the one on topological matrix model [16] .
In the next section, we define the USp(2k) matrix model in zero dimension. Eight dynamical and eight kinematical supercharges are shown to exist in our model in section three. In section four, we determine the classical vacuum, which is found to be labelled by ten coordinates. The one-loop stability of this geometry is ensured by supersmmetry.
We adopt a notation that the inner product of two 2k dimensional vectors u i and v i invariant under USp(2k) are
Here I k is the unit matrix. We may regard (u i ) * ≡ (u * ) i . Raising and lowering of the indices are done by F = F ij and F −1 = F ij . Any element X of the usp(2k) Lie algebra satisfying X t F + F X = 0 and X † = X can be represented as
Chiral superfields are expanded by the generators of usp(2k) with coefficients being complex.
Definition of the zero dimensional matrix model
Our zero-dimensional model can be written, by borrowing N = 1, d = 4 superfield notation in the Wess-Zumino gauge. One simply drops all spacetime dependence of the fields but keeps all grassmann coordinates as they are
In principle one may add a cubic superpotential
We will not discuss this term in this paper. The chiral superfields introduced above are
We represent the antisymmetric tensor superfield T ij as
with B t = −B, C t = −C. We defineỸ similarly.
In terms of components, the action reads, with indices suppressed,
+S f und.mass + S potential (10)
Here D m = iv m with v m in appropriate representations and t (rep)a 's are the generators in representation (rep).
As is discussed in introduction, the model after the four dimensional compactification possesses the exact quantum moduli space which describes in F theory on K3 the local deformation of four seven branes away from an orientifold surface. For this to hold, we have to set n f = 4 and keep nonvanishing mass parameters. In a more generic situation, only the global cancellation of the charge associated with eight form potential is required and in this case n f = 16. It remains to be seen whether our model is able to provide a constructive framework to this general situation.
Dynamical and Kinematical Supercharges
Let us see how many superchages our model possesses. It is straightforward to check that the action of our USp(2k) matrix model is invariant under the dynamical supersymmetry transformations:
where
The kinematical supersymmetry transformations are
So our model has eight dynamical supercharges and eight kinematical ones. This is the proper number of supercharges in order for this model to be interpretable as critical string. Up to field dependent gauge transformations and equations of motion for the fermionic fields, we obtain the following commutation relations.
We also have the following commutation relations;
The combination δ (1) ± δ (2) , therefore, forms supersymmetry algebra of sixteen supercharges which closes into translation of the four of the bosonic matrices in the antisymmetric representation.
Vacuum configuration
Let us find a configuration having vanishing action, which is a particular classical solution of the model. This tells us how many spacetime coordinates are generated from our model. We set all fermions zero in the action. We first demand
We see that all of v m , Φ, and Φ † lie on the Cartan subalgebra of usp(2k), namely
in X of eq. (2). In addition,
As for the antisymmetric tensor fields, we first examine
where D m (asym) = iv m (r) t (r) (asym). This is expressible as
In general, the commutator [X, Y ] with X ∈ usp(2k) is written in terms of k × k blocks as
When X is restricted to the Cartan subalgebras, the condition that the commutator vanish
and therefore A = a = diagonal , B = C = 0 A =ã = diagonal ,B =C = 0 (26) in eq. (9). Let us turn to the potential −S potential . We first examine
Here, X(asym) kℓ ij lies in the antisymmetric representation of the Lie algebra usp(2k) and is X(asym)
.
After some algebras, we find that eq. (27) is converted into the form
Next note the property (t a = t (f und)a )
and
